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INTRODUCTION. 


The cultivation of flax for the production of flaxseed and for lin- 
seed oil is at present receiving the most careful attention of agricul- 
turists as well as manufacturers. The interest in this important 
| problem is twofold. The matter resolves itself into a problem of 
Tehabilitation of the crop on the one hand, due to a diminishing 
acreage and yield of seed, while on the other hand interest is stimu- 
_ lated by the constantly mcreasing demand for the manufactured 
| products with the growing scarcity of the linseed oil used in their 
| manufacture. Practically the whole output of iinseed oil is consumed 
| in the manufacture of paints and varnishes and other allied materials 
| where protective coatings are desired. 

In view of these conditions, it is important that attention be di- 
tected at the present time to the improvement of the crop and the 
oil. The desired results can best be accomplished by a combined 

| agronomic and chemica. investigation of the subject. The investiga- 
) tion should embody a study of the culture of the plant for the pro- 
| duction of seed, supplemented by a thorough study of the oil from 
| the standpoint of yield and quality. 


1 $$ 
i 1The work discussed in this paper was carried out in cooperation with the Office of Cereal Investiga- 
| tions of the Bureau of Plant Industry. The writer wishes to express his thanks to Mr. C. H. Clark, assist- 
t ant agronomist, in charge oi flax investigations in that office, who supplied the samples, and to Mr. J. D. 
! ‘MelIntyre, of the Office of Drug-Plant and Poisonous-Plant Investigations, who rendered assistance in the 
| | extraction of the oils. 
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The growth of the plant, as weil as the yield and quality of the oil, 


will be influenced to a certain degree by geographical .ocation with 
the varying conditions of soil and climate. Therefore the cultiva- 
tion of the plant in various geographical locations followed by analysis. 


of the oil, both as regards yield and quality, serves as an excellent | 
combination for comparison with respect to the effect of pliant selec- | 
tion and geographicai source upon the oil. A study of this problem | 


was accordingly undertaken along the lines mentioned. 


During two successive seasons selected varieties of flax were grown 
in widely separated localities having different soi: and climatic con- | 


ditions. The oil was extracted from the seeds of different varieties 


thus obtained and the various oils compared each year in order to | 
ascertain any existing differences In composition in the different | 


varieties when grown in one or several localities. The varieties upon 


which these studies were made represented two or more distinct types 
of flax. The quality of these oils from the staidpoint of their useful | 
ness as paint and varnish oils was studied and this information made | 
available for use in the selection of varieties combining yie.d and 


quality of oil in any one or all localities. 


VARIETIES OF FLAX. 


Four varieties of flax were chosen and used as a basis for the | 
investigation. These were selected by the Office of Cereal Investi- 
gations as representing two distinct types of seed flax. Reference _ 
will be made to the varieties as C. I. (Cereal Investigations) numbers. | 


The four varieties grown and tested for oil content and composi- 
tion are as follows: C. I. No. 3, Damont (North Dakota 1215) 
C. I. No. 12, Primost (Minnesota NG. 25); C. I. No. 13 (North Dakoté 


Resistant Ne 114): €. I. No. 19 (Russian). C. 1. Nos: 3 anda 


represent typical seed-flax varieties, while C. I. Nos. 12 and 13 are 


earlier maturing and resistant varieties yielding jess under semiarid 


conditions. 


These varieties were grown during the seasons of 1914 and 191d 


at stations located as follows: Moccasin, Mont.; Dickinson and Man- 


dan, N. Dak.; Newell and Highmore, S. Dak.; Archer, Wyo., and 


Burns, Oreg. These stations are located in more or less widely sepa- 
rated flax-growing localities where the conditions of soil and climate 


are likewise different. 


The conditions at the various stations with respect to altitude, 


soil, precipitation, and evaporation are shown in Table I. 


Considerable variation in latitude and longitude exists between 
the several stations. The variation in longitude is 19° 40’ and in 
latitude 5° 18’. The northernmost stations are Moccasin, Mont., 
and Dickinson, N. Dak.; the southernmost is Archer, Wyo. High-| 
more, S. Dak., is foceieal farthest east, while Burns, Oreg., is the 


most westerly naan. 


| 
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Tons I.—Location, soil, and climatic conditions of the seven stations where flax experi- 
ments were made duri ing the seasons of 1914 and 1915. 


[Data from the records of the Biophysical Laboratory of the Bureau of Plant Industry.] 


| 


| Precipi- | Evapo- 


Lati- | Longi- | Alti- Bev ea eae 
Station. tude tude tude in Soil. Year. ors | _ for s 
N. W. fact months, months, 
| April to | April to 
| August. | August. 
| a 
° wall 0 r | Vere Inches. | Inches. 
4 4 Ay 4m | | r, - Q So “ 4 | 10. 03 Die 173 
| Moccasin, Mont..... 47 00 | 109 45) 4,300 Pee ey loam; gravel sub { 1915 | 11.98 95, 059 
a 5 nil Rly : earache sale A 1914 18.84 | 26.975 
Dickinson, N.Dak..| 47 00 103 00 | 2,453 Sandy to heavy clay loam... { tater liek Aeceea BE 
PB ; sled al 1914 19.04 | 28.894 
“Mandan, N. Dak...| 47 00] 101 00 | 1,750 | Sanidy toam..........-.---. { oie | eae, ea eae 
| : AEA [igh i eet 'f 1914 7.86! 30.917 
Newell, S. Dak....- 44 35) 103 26 2,950 | Pierre clay gumbo.......... { 1915 15, 82 99. 501 
: ‘ 1914 1SO6 ee eee 
Pulighmore, S. Dak..| 44 30] 99 20| 1,890|..... dO... +2+22-- ++ 2222222. { 1915 17, 18. |e 
a | ; 1914 teh (910) {Ie 
| | 27 | Sandy gravel. : Ree 
Archer, Wyo....... | 41 42 | 104 15 | 6,027 | Sandy loam; some gravel ae 1915 12.69 | 25.356 
| | 
- 3 1914 4.27 | 35.456 
Burns, Oreg........ 43 00) 119 00 | 4,100 | Variable silt loam........... { 1915 2.90 | 34.893 


The soil at the different stations varies from a silt loam at Burns, 
to a clay gumbo at Highmore and Newell. The remaining stations 
possess sandy or clay-loam soils. The total precipitation during the 
‘growing months at the different stations varied considerably during 
‘the two seasons. The evaporation shows wide differences also. 

The variation in location, soil, and climate doubtless affected the 
growth and development of the flax plants and therefore also affected 
| the formation and development of the fatty oil in the seeds. 


FACTORS WHICH INFLUENCE THE COMPOSITION OF THE OIL. 


Conditions of soil.and climate are important factors influencing 
the wrowth of a plant, and they act jointly in affecting the content 
‘and composition of the fatty oil in the plant. The availability of 
the fertilizer ingredients of soils is due to a large extent to the amount 
of moisture present, which in turn is dependent upon certain other 
conditions, such as heat, hight, humidity, and altitude. Whether 
the soil is light or heavy in texture is important in making its con- 
stituents available to the plant. Likewise, the retention of moisture 
| by some soils and the lack of retention by others naturally affect 
the growth and development of the plant and the formation of oil 
in the plant. Any cause which tends to modify the growth or 
‘nutrition of a plant will have a material effect upon the formation 
_of the fat in the seed of the plant. Woods! states that the texture 
-and structure of the soil affects decidedly the availability to the 


1 Woods, A. F. The relation of nutrition to the health of plants. Jn Yearbook, U.S. Dept. of Agr., 
for 1901, p. 157. 


, 
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plant of the soil foods with air and water. Garner, Allard, and 
Foubert! have shown that climatic conditions exert a marked 
influence upon the oil content of certain seeds. Provided the content 
of oil is affected by environmental conditions it is very probable 
that the composition or the proportion of the component parts of 
the oils is likewise modified and altered. 

Pigulevskii ? has found from an examination of numerous plants 
in respect to oil content and composition that the nature of the oil 
in a plant is influenced by climatic conditions and possibly also by 
conditions of nutrition. A large number of plants of the same 
family grown in different parts of Russia yielded oils the nature of 
which varied with climatic conditions. 

The effect of such climatic conditions as latitude, temperature, 
sunshine, and rainfall have been studied by Wiley * and found to 
influence the sugar content of sugar beets strongly. Likewise, 
the starch and protein content of the wheat grain have been found 
to be influenced by season and climate. | 

Various localities will be found to have varying conditions of 
climate awd soil, the extremes and means of which act in either 
facilitating or retarding the growth of the plants and therefore affect 
favorably or unfavorably the formation of oil in the seeds. 


PLAN OF COMPARISON OF THE OILS. 


The present investigation was undertaken in order to compare 
the oils from the various flax samples grown at the several stations | 
during the two successive seasons. The comparison in question 
should determine tentatively those varieties producing seeds with 
the highest yield of oil as well as oil of the best quality. Informa- 
tion of such character is of the utmost importance in connection 
with the production and improvement of this staple crop. How- 
ever, 1t is not only important to ascertain the high oil-yielding 
varieties of seeds, but the properties and general behavior of the 
oils are of equal importance. The physical and chemical properties 
of the oils determine their value to a large extent. In order to 
facilitate the best comparison, only those properties which admit of 
accurate measurement and which have a direct bearing upon the 
quality of the oils were considered. 

Color, specific gravity, and index of refraction are important 
physical properties in which variations can easily be detected. 
Since the color of most drying oils is an Important consideration, 
but does not admit of measurement, it was necessary to describe 

1 Garner, W. W., Allard, H. A., and Foubert,C. L. Oil content of seeds as affected by the nutrition of 
the plant. Jn Journ. of Agr. Res., U. S. Dept. Agr., v. 3, p. 248. 1914. | 

2 Pigulevskii,C.V. In Zhurn. Russk. Fiz.-Khim. Obshch., v. 47, p. 393-405, 1915; v. 48, p. 324-341, 1916. | 


’ Wiley, H. W. Influence of environment on composition of plants. In Yearbook, Dept. of Agr, 
for 1901, p. 307, 310. 
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this property as carefully as possible. The specific gravity and the 
refractive index, which have much significance as regards the gen- 
eral composition of the oils, were readily determined. 

The chemical properties are perhaps most important from the 
standpoint of the composition of the oils. The acid, saponification, 
-and iodin values are the most important chemical constants. The 
acid value of the linseed oils is affected by a number of conditions. 
Factors such as rain or moisture durmg harvest and the storing 
of the moist flax after harvest, which would tend to produce mold- 
ing of the seed, will modify considerably the acid value of the oil. 
The saponification value representing the sum of the acid and ester 
values is a combined measure of the free acids and glyceryl esters 
contained in the oil. 

_ Linseed oil consists for the most part of glyceryl esters of lno- 
leic and linolic acids. These unsaturated fatty acids possess the 
property of absorbing iodin. This property is known as the iodin 
value and is perhaps the most important of the chemical constants. 
The iodin value is a direct criterion of the proportion of these fatty 
acids present in the oil, and since these acids determine the drying 
property of linseed oil the iodin value becomes an index of this 
property. 

The usefulness of linseed oil in the industries is based upon the 
property of the oil to dry to a tough elastic film when exposed in 
thin layers to the air. This oil is a typical example of a class of fatty 
oils known as drying oils. Oils of this character are composed 
largely of glycerids of unsaturated fatty acids which possess the 
property of absorbing oxygen when exposed to the air. The absorp- 
tion of oxygen by linseed oil alters its composition and is accompanied 
_by the formation of a compound known as linoxyn, which consti- 
tutes the tough elastic skin so familiar when the oil is allowed to 
dry. The usefulness of linseed oil as a protective coating is due 
entirely to the formation of the compound linoxyn, which is resist- 
ant to the effects of heat and moisture of the outside elements to 
a remarkable degree. 

Coincident with the absorption of oxygen there occurs an increase 
in the weight of the oil, and the more rapid the increase in weight 
the greater is the rapidity of drymg, and vice versa. Advantage 
was taken of this property in order to determine the relative drying 

value of the various oils under consideration. 


YIELD AND PHYSICAL PROPERTIES OF THE OILS. 


Two methods were used for the extraction of the flax samples, 
namely, ether extraction and cold expression. The former method 
was applied to determine the actual yield of oil in the seeds, while 
the method of cold expression was employed to obtain working 
samples of the various oils for the determination of the physical and 


i 
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chemical constants. Ether extractions were made by means of the 
customary Soxhlet extractors, while a small laboratory hydraulic 
press served for the cold expression of the oil. The yields of oil 
given in all cases represent ether-extracted oils, whereas all physical 
and chemical properties were determined upon cold-pressed oils. 

It must be borne in mind that these cold-pressed samples differ 
from ordinary commercial raw linseed oils, being obtained under 
entirely different conditions. The results obtained are therefore 
comparable with each other, but not with commercial linseed oils. — 

The color was carefully noted in each case. Considerable diversity — 
appeared and the colors are described as well as possible in order 
to bring out the existing differences. | 

The specific gravity and the refractive index, being affected by 
the composition of the oils, were carefully determined. Both of 
these constants bear a certain relationship to the composition of 
the oil. 

Table IJ was prepared to show the similarities and differences 
in yield and physical properties of the various oils examined. The 
yield of oil and physical properties are arranged according to the 
stations at which the several varieties of flax were grown. Each 
Cereal Investigations number of flax grown at any station is given, 
together with the yield of oil during the two years. This arrange- 
ment permits a comparison of the varieties grown at each station 
during the two successive seasons. | 

By a careful study of Table II it will be seen that the samples of | 
flax bearing Cereal Investigations numbers grown at each station 
during either of the ty.o years vary considerably in yield of oil. This 
variation is apparent at each of the stations. Since each of the 
numbers represents a different variety, the differences in the yield of 
oil may be attributed to the varieties. When the same variety as 
grown at widely separated stations shows differences in yield of oil 
it is probable that climatic and soil conditions play an important 
part. 

In comparing the Cereal Investigations numbers of any one station 
during the two years, the yields of oil in many cases are distinctly 
comparable. While not constant, a certain degree of constancy 1s 
noticeable among them, 

In order to make a better comparison of the Cereal Investigations 
numbers, not only at each station but at all the stations, the average 
oil yields were calculated and are included in Table Il. A glance) 
at the average yield of oil from the various Cereal Investigations | 
numbers discloses those producing the highest and lowest yields at 
each station. It is noticed that Nos. 3 and 19 occupy a high position 
with regard to oil content, while Nos. 12 and 13 are usually low. | 
The stations producing the highest and lowest oil yields are also” 
clearly indicated in Table II. 
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| Tasre II.— Yield and physical properties of various oils from the flax crops of 1914 and 
. 1915. 


- (Color abbreviations: B=brown, d=deep, g=golden, l1=lemon, p=pale, r=reddish, v=very, y=yellow.] 


p : . =F Index of re- 
arse (per Color: Boe tie erevily at fraction ai 
% ; y at Oe 
Station and C. I. No. of seed 
sample. 
- | Aver- Aver- ~ 
1914 1915 age. 1914 1915 1914 1915 age. 1914 1915 
Moccasin. Mont.: 
Oe SER A it eS 34.8 34.12 | 34.46 | gy....| pgy - -/0.9273 |0.9283 |0.9278 | 1.4770 | 1.4776 
NGG RE ASR Se eee 32-0 33.00 | 32.70 | ly....| pgy-.-| .9293 | .9288 | .9290 | 1.4776 | 1.4778 
JO US See ee aE ee een 33.0 34.50 | 33.75 | gy....| dly...| .9268 | .9805 | .9286 | 1.4772 | 1.4784 
UO IG eS ee Be es Si fal tal baer ee 37.10.) gy....| Dgy-.| .9262 | .9286 | .9274 | 1.4782 | 1.4770 
Seasonal average....... DESO MINGONGM. || Se tceeloae aon ele dete 9274 | .9290 
Dickinson, N. Dak.: Aon 
INTO Sh Be See el Saree ae 36.8 | 37.03 | 36.91 | pgy..| vdgy.| .9308 | .9291 | .9299 | 1.4808 | 1.4785 
2 Oud VR I an ee eee | 34.6 33.00 | 33.80 | dly...] pgy--] .9315 | .9293 | .9304 | 1.4806 | 1.4782 
IN: Seg aaah tee et ee | 31.4 32.20 | 31.80 | vdly .| vdgy-| .9305 | .9295 | .9300 | 1.4802 | 1. 4789 
INO RCTS eee a re ee Sano 37.10 | 36.20 | dly...| pb, r.| .9302 | .9289 | .9290 | 1.4801 | 1.4782 
tint. ee 
Seasonal average......- ae LT Moe Sa tae avee Ne te a ete ha iors cioehet 9307 | .9292 
Mandan, N. Dak.: 
INIDRGRERS CE Ae Sees Baa 34.0 | 33.80 | 33.9 | pgy.-.| vpg--| .9280 | .9298 | .9289 | 1.4781 | 1.4790 
INO, (LSS ane ere ia eee 31.44 | 35.70 | 83.57 | ply...| vpgy-| .9278 | .$292 | .9285 | 1.4790 | 1.4788 
INIG MIB a re ee ee eae 33.24 | 34.72 | 33.98 | dly...| gy----| .9285 | .9300 | .9292 | 1.4795 | 1.4790 
IN Cae nS Be peed 35.6 | 35.50 | 35.55 | dly...| pgy--| .9274 | .9301 | .9287 | 1.4783 | 1.4787 
Seasonal average. ... Be LUBY SR Tie Saal Soe Seeellacacoue 9279 | .9298 
Newell, S. Dak.: 
INCL GESERS SEs eee: 35.70 | 37.40 | 36.55 | dgy.-| pgy--| .9269 | .9295 | .9282 | 1.4765 | 1.4787 
ING, Uae det ease 30. 30 | 37.20 | 33.75 | dgy.-.| vpgy.| -9261 | .9292 | .9276 | 1.4760 | 1.4783 
No. 13...............--.--| 32.10 | 31.80 | 31.45 | pgy..| vpgy-| .9299 | .9297 | .9298 | 1.4782 | 1.4789 
NOS sad Boe ee ee | 83.80 | 36.84 | 35.42 | pgy..| pgy--| .9270 | .9288 | .9279 | 1.4765 | 1.4780 
Seasonal average....--. apeo7 eee ln eee yee 9274 | .9293 
Highmore, S. Dak.: 
Gy Rha ae See oe eae oe 33.99 | 34.56 | 34.27 | vdgy.| pgy-..| .9280 | .9280 | .9280 | 1.4780 | 1. 4780 
IN@o Ree beep oaeesbacdese 33. 42 | 36.60 | 34.71 | pgy.-! vply .| .9272 | .9291 | .9291 | 1.4780 | 1. 4782 
ee ee 3920134844. | 38.89 +l pes pey...|) 9277) || «9287| 29282) | 1.4780) |) 1.47.80 
INE ORS Se omy ence .«e--| 36.70 | 37.68 | 37.19 | pgy..| pgy--| .9260 | .9285 | .9272 | 1.4773 | 1.4777 
Seasonal average....... By SOP AE Hae le ela ll eae Re aoa 9272 | .9286 
Archer, Wyo.: 
IN| Ds Bie oR eS ee cet 31.44 | 37.80 | 34.62 | dgy..| gy--.-.| .9279 | .9309 | .9294 | 1.4773 | 1.4796 
INO; dO seces Jeesdeeeceasee 32.24 | 38.76 | 35.50 | dly...| pgy..| .9267 | .9309 | .9288 | 1.4777 | 1.4792 
IN [jy TBS 3 Oe sap eel ee 33. 44 | 38.20 | 35.82 | gy....| pgy-.| .9277 | .9315 | .9296 | 1.4782 | 1.4796 
INO Beeestsnetaemsaeeee 36.30 | 40.40 | 38.35 | gy....| pgy..| .9283 | .9318 | .9300 | 1.4778 | 1.4795 
Seasonal average......-. 33.35 | PBXs CASIIN iaestoney eat em ial i Oe 9276 | .9312 
Burns, Oreg 
ids BLESS cG5ees ac eSeaeee 35. 38 | 34.84 | 35.11 | gy....| pgy..| .9279 | .9804 | .9291 | 1.4790 | 1.4790 
LOT) UR UIS 8 aed Be oe 32.40 | 33.40 | 32.90 | pgy..| pgy.-| .9280 | .9294 | .9289 | 1.4786 | 1.4787 
"ONES: Gap ee 32.35 | 31.60 | 31.97 | py...| pgy.-| .9282 | .9301 | .9291 | 1.4780 | 1.4790 
INO NOR eit: See woe Sao 37.10 | 33.20 | 35.15 | py...| pgy--| .9275 | .9299 | .9287 | 1.4783 | 1.4786 
Seasonal average......-. Bes Oboe On eee core ae elena ape 9279 | .9299 


The color of the oils from the various flax samples, while primarily 
golden yellow, differed considerably in the depth of the shade, 
varying from a deep golden yellow bordering on brown to a very 
pale lemon yellow or straw color. Whether there is any existing 
relationship between the color and the quality of the oils can not be 
definitely stated, unless it is found that the color properties can be 
correlated with some of the more important physical and chemical 
properties. 
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The specific gravity is a property which bears a certain relation- 
ship to the composition and hence is more closely related to the 
quality of the oils. Table IJ shows considerable variation among 
the Cereal Investigations numbers at any station during either season. 
When compared according to stations, the specific gravity shows a 
tendency to be high or low in several locations during both seasons. 
When grouped and averaged according to the stations at which 
the flax was grown and according to the Cereal Investigations 
numbers, some striking comparisons, which will be discussed in 
later pages, are made possible. 

In Table IT the index of refraction is given for the various oils, 
along with the specific gravity, as a physical property which is 
subject to similar variation, according to the composition of the 
oils. It will be noted that in practically all cases where the specific 
gravity is high the index of refraction is also high. 

The acid, saponification, and iodin values‘ of the oils from the 
several stations were determined, together with the drying tests, 
and the results are arranged for comparison in Table III. 

In considering the acid value of the linseed oils it will be seen that 
there is not only considerable variation in the oils from the various 
Cereal Investigations numbers during each of the seasons at each 
station, but the same number at other stations shows similar differ- 
ences. The differences among the numbers at any station during — 
either year may be due to difference in the type and character of the — 
plants, but differences shown by the same number at different sta- 
tions can probably be attributed to varying conditions of the har- 
vested seed, the weather conditions during harvest, and the method 
of harvesting and storing. 

No definite relationship seems to exist in the acid values of various 
samples at any one station during the two years. Comparison of the 
average acidity of samples grown at the various stations during the 
two years shows the variability of the acid values. In most cases the 
acidity of the oils from the 1914 samples was much higher than from 
the 1915 samples. 

The saponification value, which represents the sum total of the free | 
acids and glyceryl esters in the oils, will be seen to bear a close rela- 
tionship to the acid values. The average of the saponification values 
of the oils from each station was higher during 1914 than during 1915, 
- which is likewise true of the average acid value of the same oils. 

In considering the iodin values of the several samples it will be | 
seen that there is considerable individual variation among the several | 


1 Determinations of the chemical constants were made in accordance with the official and provisional | 
method ofanalysis, Bureau of Chemistry Bulletin No. 107 (revised),1910. Theiodin values were obtained | 
by means of the Hiib] method, 4 hours being allowed in every case for the absorption of iodin. Complete | 
iodin absorption doubtless did not take place in the above time. The results, however, serve well for 
the comparative purposes for which they are used. 
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varieties at any one station during either 1914 or 1915. 
ages are likewise variable during the two seasons. 


y 


Station aver- 
Some of the Cereal 


Investigations numbers are seen to possess fairly constant iodin values 
for the two years at particular stations, while others show some 


variation. 


The iodin value, which depends upon the composition of the oil, 


is doubtless affected by conditions of season and growth. 


TaBLE I1I.—Chemical properties and drying tests of various oils from the flax crops of 
1914 and 1915. 


Station and C. I. No. of 
seed sample. 


Moccasin, Mont.: 
N 


Se) 


Seasonal average. -- 
pckinson, N. Pak.: 
ORS ee SER shicintinre 
No. 


No. 
No. 


Seasonal average - -- 
ence, N. Dak.: 
INOWSe ae eee sce 
No i 


No. 
No. 


Seasonal average - -- 


Newell, S. Cak.: 
No. 


Seasonal average. -- 


eo amOore, S. Dak.: 


Seasonal average. - 


Archer, Wyo.: 
No.3 


2 ry 


Seasonal average... 


Acid value, 


1914 


1915 


esse | 


975 


lapse |e/ gees [a 
ae oH 


. 507 


Aver- 


eseeSesee 


Saponification ‘ Time to dry 
TG) TIodin value. (days), 
Aver- Aver- Aver- 
1914 | 1915 age. 1914 | 1915 age, 1914 | 1915 age. 
191.0, 188.7| 189.8] 156.6) 156.2} 156.4) 18 14 16 
189. 3' 192.8) 191.0) 156.0) 153.5) 154.7) 18 10 14 
192.4) 189.7) 191.0) 159.3] 154.0) 156.6) 18 10 14 
191.4) 186.6) 189.0) 159.2} 155.0) 157.1) 14 15 14.5 
TOINO| U89s4)Sose. UBC WOEE Ws ae oone eh 222 lee 
| ee —— 
192.0 187.2) 189.6) 164.3) 162.4) 163.3) 8 21 14.5 
187.8 186.3 187.0, 170.0; 168.5) 169.2) 8 20 14 
192.8 186.2; 189.5) 165.3) 161.0) 163.1) 6 19 12.5 
189.8 186.7 188. 2| 169.5) 159.0} 164.2) 6 21 13.5 
190.6 186.6 ..-.... NGPA! UGE es sess3 7 2) 82 |S fe 
192.5) 199.8) 196.1) 164.3) 160.7) 162.5) 10 20 15 
191.9) 186.9} 189.4) 161.7) 162.4} 162.0) 10 16 13 
190. 2} 187.0) 188.6) 162.4! 163.3) 162.8) 10 18 14 
192.1) 188.0) 190.0; 159.3) 159.9} 159.6) 10 19 14.5 
191.7) 190. 4]......- LGVS9 1G 6) 10 SiH2 |e eee 
190. 2} 184.6} 187.4] 155.2) 162.1] 158.6) 24 | 22 23 
191.4) 185.9} 188.6} 154.0; 159.5) 156.7) 26 22 24 
191.0) 184.7) 187.8) 160.0) 167.7) 163.8) 24 20 22 
188. 7! 187.7) 188.2) 161.8) 158.0) 159.9) 20 20 20 
190!3) ASS ieee POTS WOT Sie sec oe PRY GWPAL WN SA eas 2 
195. 6} 187.9} 191.7} 162.0) 160.3) 161.1) 23 | 18 20.5 
193.6) 187.9] 190.7} 157.7) 161.4) 159.5) 21 12 16.5 
191.3) 188.4} 189.8) 153.1) 161.9} 157.5] 23 15 19 
190. 3} 188.1]. 189.2) 156.7) 164.7} 160.7; 23 | 15 19 
TOD USSenl ee eos a4 GO 2il| eee 220 (el De |p eeeeee 
191.9} 187.9} 189.9) 165.5] 171.7) 168.6) 12 9 10.5 
190.3} 186.1} 188.2} 170.6) 180.0) 175.3) 12 15 13.5 
193.0} 186.7| 189.8) 163.0} 170.0} 166.5) 14 13 13.5 
182.3) 186.9] 184.6) 167.5} 165.5) 166.5) 9 12 10.5 
189. 4; 186.9]......- Iso RC AAS eo eee a PA coca 
189.1) 188.4) 188.7) 161.4} 158.0) 159.7} 20 10 15 
190. 7; 185.0} 187.8) 167.8] 158.4} 163.1] 18 10 14 
192. 4) 187.3} 189.8} 160.1) 160.3} 160.2) 18 8 13 
192. 6} 188.9) 190.7} 158.0} 157.0) 157.5) 18 8 13 
TON US 724 eer GTS USS ee ee nS a aH ead BS ees a 


In addition to the physical and chemical properties of the oils under 
discussion, the drying property, which is of importance, was deter- 
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mined in order to ascertain the relative rapidity with which the — 


various oils dried to the customary film characteristic of drying oils. 

The drying tests were conducted by spreading a thin film of oil 
over ground-glass plates 2 inches square and allowing the film to dry — 
by exposure to the air, due precaution being taken to prevent the — 
accumulation of dust on the surface. The experiments were con- 
ducted indoors at ordinary room temperature during the winter and 
early spring months. | 

Approximately the same weight (about 0.1820 gm.) of oil was © 
used in every case, the oil spreading over an area of about 14 square 
inches. The glass plates with the film of oil were weighed at definite 
intervals until no further increase in weight was observed, the time 
of complete drying being expressed in days. The average increase 
in the weight of all the oils varied from 12 to 14 per cent. 

Comparison of the drying tests in Table III shows that certain 
Cereal Investigations numbers at different stations produce oils which 
dry more rapidly or more slowly than others. 

Some stations show a close relationship among the Cereal Investi- 
gations numbers in the time of drying during the two seasons, while 
others show considerable variation in this respect. The effect of 
seasonal variation upon the composition of the oils at the stations 
is again evident. 

A study of this nature admits of two general comparisons, namely, 
(1) a comparison of the several Cereal Investigations numbers and (2) 
a comparison of stations with respect to the oils produced during the 
two seasons. . 

In order that the data given in Tables II and III as related to the 
several Cereal Investigations numbers may be more readily compared, 
the yearly and general average yield, the specific gravity, the acid 
value, the iodin value, and the time of drying of the oils were com- 
puted and the results assembled in Table IV. 


TaBLe 1V.—Comparison of yield, specific gravity, acid value, todin value, and time of 
drying of oils from the four flax varieties grown in 1914 and 1915. 


Meld cr oil (Per | Specific gravity. Acid value. Iodin value. | parties 
/ je . 
Ss Yearly | 5 Yearly S Yearly S Yearly S | | Yearly | S 
Pp average. |S . average. | co. average. | cs . average. |S . | laverage, & . 
28. 28 | 28. 28|.|_ _ |S 
i Yoyo) a Pel ee 1D = o|=x 1D S lal =x Ya pe Ba] = [ae |S fa 
Dn ri see Fs ee Reema ecm cdot ets Ieee Leiieeelielca [stele lad ie a 
S 4 |S | Sea oes = O Pl =a |S [| 4 = 16 Fa) = | = | en 
mabe bi clone. slat ial 0 seep ee 
No. 3... ../34. 59/35. 65 35. 11) 2:0. 9281 0. 9297/0. 9289} 2/0. 972\0. 713 0. 841, 4.161. 3)161.6)161.1 316. 416.3 16.35) 4 
No. 12... -/32. 41/35. 29 33. 84) 3) .9281) .9294| . 9287) 3] . 975) . 754, . 861) 2162. 5/163. 4,162.9 116.115.015.577) 3 
No. 13-.. -|32. 67/33. 92 33. 22) 4| .9284) .9300] .9292) 1] . 940) . 765) . 851) 3 160. 4 162. 6161.5 216.114. 715. 43) 2 
No. 19... ./35. 98/36. 79 36. 42 . 9276) . 9295) . 9285} 4/1. 10 | . 138) . ad daa 7|159. ne 8) 4/14.315. 715.00) 1 
| | | | | ye | 


The yield of oil of the several Cereal Investigations numbers grown 
at all the stations during each season is strikingly constant. The rel- 
ative position of each number with respect to the average yield of oil 
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during either season is identical. No.19 produced the highest average 
yield, with No. 3 ranking second, followed in order by Nos. 12 and 
13 during both seasons. 

The annual average specific gravity of each Cereal Investigations 
number was lower in 1914 than in 1915. The ranking of the numbers 
with respect to specific gravity each year is very similar. Nos. 13 
and 3 possess the same relative high specific gravity each year and in 
general average are followed closely by Nos. 12 and 19. 

The 1914 oils were uniformly much higher in acid value than the 
1915 oils. Im general average C. I. No. 19 was highest in acidity, 
followed by Nos. 12, 13, and 3. Much less difference is noted in 
the yearly average of the iodin values of the several oils. No. 
12 possessed the highest average iodin value during both years. 
No. 3 also occupied the same relative position during the two seasons. 
Arranged in decreasing order of their general average iodin value, the 
numbers rank as follows: 12, 13, 3, 19. 

In general average of drying it will be seen that C. I. No. 19 dred 
the most rapidly, followed by Nos. 13, 12, and 3. This order was 
closely maintained during each season. 

Constant differences appear to exist in the four varieties in some 
of the physical and chemical properties. Thus, C. I. Nos. 19 and 3 
produced a constantly high yield of oil, while Nos. 12 and 13 pro- 
duced a constantly low yield. 

The specific gravity of C. I. No. 13 oils was constantly high at 
most of the stations during the period under observation, while No. 
19 oils were low in comparison in most cases. 

In acid value, C. I. No. 19 exceeded the other oils in most of the 
determinations during the two seasons. On the other hand No.3 was 
constantly low in acid value. 

Considerable difference was noted in the iodin values of the several 
oils at the several stations during the two seasons. C. I. Nos. 12 
and 13 as a rule gave higher iodin values than Nos. 3 and 19, the 
latter being fairly constantly lower in this property. 
~ C. I. No. 19 excelled the other samples in the time of drying, fol- 
lowed closely by Nos. 13 and 12, with No. 3 showing the slowest dry- 
ing property during each year at nearly all of the stations. 

The drying of the oil does not seem to be solely dependent upon any 
one property of the oil. Rapidity of drying apparently depends 
upon a combination of properties. Thus, an oil combining high 
iodin value with high acid value dries comparatively rapidly. Like- 
wise, oils with high iodin values and high specific gravity also dry 
rapidly. Finally, oils combining high iodin values with high acidity 
and high specific gravity invariably dry very rapidly. 

In order to compare the various stations or geographical sources of 
the flax varieties with respect to yield and properties of the oil, the 
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yearly averages and general averages were computed from the data 
given in Tables II and III, and the results are presented in Table V. 


TaBLeE V.—Comparison of yield, specific gravity, acid value, todin value, and time of 
drying of oils from flax grown at seven different stations in 1914 and 1915. 


[The stations where the seed samples were grown are designated by numbers as follows: No. 1=Moccasin, 
Mont.; No. 2= Dickinson, N. Dak.; No. 3= Mandan, N. Dak.; No. 4= Newell, S. Dak.; No. 5= Highmore, 
S. Dak.; No.6=Archer, Wyo.; No. 7=Burns, Oreg.] 


Yield of oil (per | gnocific gravity. Acid value. Iodin value. | eS: ying 


cent). 


| ' ' ' 1 pa 
Station. | Yearly 3 Yearly 2 | Yearly rE | Yearly S | Yearly ls | 
average | a |; average. | @ , | | average. | @_.| | average. | a. average. 3 | 
‘3 0] . 3 oo | .| [Belo moo! . 2S. 
Tima oe ee FA G3) 144) BS |) BRS Ee ce | 
= |e iF fei [fa f= (= fap = Ee sisi Elise |." = 
e/2i8 B2|2\|s 2 a\é & 2/8 (6 B/E is & 
fate | | | [pl | bes coal al | Aa 
No. 1.....'34.35 33. 8734.11] 6 0. 9274 0. 9290-0. 9282 6 0. 797.0. 707 0. 752° 6 157. 8 154. 7/156. 2) 7|17.0:12:214.6 | 5 
No. 2.....|34. 52 34. 82:34. 67) 3) .9307, .9292) .9299 11.025) .820 .922 2167.2.162.7164.9) 2; 7 |20.2/13.6 | 2 
No. 3... . .'33. 7434. 93:34. 33) 5) .9279 .9298] .9288 4:1.057) .785: .921 3161.9 161. 6161.7] 3,10 |18.2'14.1 | 4 
No. 4.....32. 97 35. 8134.39) 4) .9274 .9293) .9283 51.070) . 737 .903 4157.7161.8,159.7, 5:23.621.022.3 | 7 
No. 5..... 34.32 35. 6735.00) 2, .9272 .9286 .9279 7/1. 285) .695 .990 1157. 4.162.1159.7) 622.5 15.018. 75, 6 
No. 6... . .'33. 35 38. 79 36. 07} 1! .9276 .9312) .9294 2) .775) .947; .861 5 166.6171.8 169.2) 1/11. 712.211. 95) 1 
No. 7...../34. 30 33. 26 33. 78) 7 .9279 .9299) .9289 3) ee .007! .741 7,161. net 4160.1 aes 5 9: ues 75| 3 
| a 1 J | i pl i jae | j 


The results given in Table V show that the yield of oil from the 
groups of samples at the stations mentioned are for the most 
part fairly constant during the two seasons. The yiela during 1914 
was uniformly lower than m 1915 with two exceptions. Burns, 
Oreg., and Moccasin, Mont., averaged shghtly higher in 1914 than 
in 1915. 

The amount of precipitation at each station durmg the growing 
months in 1914 and 1915 is perhaps the most infiuential factor in 
affecting the yield of oil, sce the proper growth and maturity of 
the flax plants are dependent largely upon the amount of moisture 
available to the plants. By consulting Table I it will be observed 
that the precipitation during the growing months in 1914 was less at 
all stations except one (Dickinson, N. Dak.) than in 1915. It is 
singular to note that when the greatest differences occurred im the 
yield of oil at these stations there was also the greatest difference in 
precipitation. Thus, samples from Newell, S. Dak., and Archer 
Wyo., gave much higher yields of oil in 1915 than m 1914. The pre- 
cipitation at these stations during the growmg months was likewise 
much greater in 1915 than in 1914. 

The yield of oil from the samples from Moccasin, Mont., in 1914 
(34.35 per cent) is but shghtly higher than m 1915 (33.87 per cent). 
The precipitation during the growing months of these two seasons 
also shows but slight variation. Samples from Burns, Oreg., show a 
higher yield of oil in 1914 (84.30 per cent) than in 1915 (33.26 per 
cent). The precipitation was hkewise greater in 1914 (4.27 inches) 
than in 1915 (2.90 inches), 
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It may therefore be stated that the yield of oil at any definite 
geographical locality as imdicated by the results obtained at the 
seven stations specified i is dependent largely upon the precipitation 
and evaporation at each station 

Arranging the stations in decressine order of their oil yields, it is 
found that the Archer, Wyo., samples show the highest average yield 
of oil for the two seasons, followed by Highmore, 8. Dak., Dickinson, 
N. Dak., Newell, S. Dake. Mandan, N. Dak., Moccasin, Mont., and 
Burns, Oreg. This ranking, In contrast to the results for different 
years, does not seem to be correlated to any extent with differences 
in precipitation between stations. Annual precipitation and evapora- 
tion and the nature of the soil in affecting the retention of moisture 
assume more importance in this connection. It may be noted also 
that the station with the highest average yield of oul (Archer, Wyo.) 
is the southernmost one (latitude 41° 42’), 

The specific gravities as given in Table V, representing the average 
of all the Cereal Investigations numbers at each particular station, 
denote in a general way the density of the ous produced at a cer- 
tain geographical locality. 

The 1915 oils were almost without exception higher in specific 
gravity than during the previous year. The Dickinson, N. Dak., 
oils of 1914 and 1915 averaged the highest in specific gravity, while 
Archer, Wyo., and Burns, Oreg., followed 1 in close order. Mandan, 
N. ae Newell, S. Dak., ulee ore Mont., and Highmore, S. Dak., 
Poreeed poee derabhy lower, the oils com Eilon S. Dakss 
being conspicuously low, occupying the seventh position with respect 
to rank during both seasons. The oils from Moccasin, Mont., also 
occupied identical positions with respect to average low specific 
eravity, being sixth in order during the two years. 

Certain of the stations were noticeably constant in producing oils 
of either high or low specific gravity during the two seasons. The 
generally ieee specific gravities in 1914 may, like the yields of oil, 
be attributed to chmatic and soil conditions. 

The 1914 oils were higher in average acid value than the 1915 oils, 
no apparent constancy existing at any of the stations for the two 
years. ‘The acid value, which is a measure of free acidity, fluctuates 
considerably among the several stations durmg each year. When 
the condition of the seed during harvest and subsequent storage is 
favorable, the liberation of free fatty acids takes place with rapidity. 

The stations listed in the order of the decreasing acidity of their 
oils are as follows: Highmore, 8. Dak., Dickinson, N. Dak., Mandan, 
N. Dak., Newell, S. Dak., Archer, Wyo., Moccasin, Mont., and 
Burns, Oreg. 

The average iodin value of the oils from the various stations shows 
a certain relationship from year to year. Thus the Mandan, N. Dak., 
samples possessed nearly identical average iodin values during 1914 
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and 1915. Close relationship also existed in the Moccasin, Mont., 
and Burns, Oreg., samples. The Archer, Wyo., samples possessed 
high iodin values, occupying almost the same relative positions 
during both 1914 and 1915, as did also Dickinson and Mandan, 
N. Dak., while Highmore Saul Newell, S. Dak., and Moccasin, Mont., 
averaged constantly low. 

In the time required for drying, a close relationship exists among 
several of the stations from year to year. The Archer, Wyo., sam- 
ples show a comparatively uniform and short time for drying during 
both seasons. The Newell, S. Dak., oils required a uniformly longer 
time for drying than those from any of the other States. In both 
of the stations there is a certain relationship between the drying 
property and the physical and chemical properties. Thus, the 
Archer, Wyo., samples dried the most rapidly of all. These oils 
also possessed the highest average iodin values, high specific gravi- 
ties, and moderately high acid values. The Newell, S. Dak., sam- 
ples, on the other hand, were the slowest in drying and likewiat 
possessed comparatively os iodin value, specific gravity, and acidity. 
The Dickinson, N. Dak., samples, ranking next to those of Archer in 
rapidity of drying, ceased high iodin and acid values with high 
specific gravity. The Highmore, S. Dak., samples, ranking next to 
those from Newell, S. Dak., in slow-drying properties, combined 
very low iodin values and specific gravities with high acidity. The 
Mandan, N. Dak., samples, ranking fourth in drying property, 
combined medium-low iodin and acid values with low specific gravity, 
while the Moccasin, Mont., samples, ranking fifth in drying property, 
also combined very low iodin and acid values with low specifie 
gravity. The same relationship appears, therefore, to exist between 
the drying property and the physical and chemical properties of the 
oils, when compared from the station standpoint, as exists when 
comparing the varieties at the several stations. 


RELATION OF THE OILS TO THE SOURCE OF SEED. 


Discussing the relation of geographical source to yield of oil it may 
be stated that while some variation occurs from year to year at any 
one locality, due largely to climatic conditions, certain stations may 
be said to produce flax showing higher average yields of oil than 
others. The Archer, Wyo., Highmore, 8. Dak., and Dickinson, 
N. Dak., samples produced relatively high average oil yields, followed 
by thos» from Newell, S. Dak., and Mandan, N. Dak., while the 
Moccasin, Mont., and Burns, Orez., samples cence! relatively low 
yields during the two years under observation. 

It is very probable from the results shown that the yield of oil — 
from the various flax varieties is dependent to a certain extent upon 
the geographical sos with the varying conditions of soil and 
climate. 
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With regard to the physical properties of the oils it will be seen that 
in most cases the station averages differ considerably from year to 
year. 

A relationship appears to exist between specific gravity and color, 
the oils with the highest specific gravity being mvariably hghter in 
color. 

No relationship appears to exist between the acid value of the oils 
and the station at which they are produced. This is to be expected 
when it is considered that the acidity of an oil is due perhaps more 
to conditions of harvesting, handling, and storage of the seed than 
to agricultural factors. 

Tne iodin values as well as the drying tests of the oils, from the 
standpoint of the stations, bear about the same relationship as the 
specific gravities. Since the iodin value is due to certain constituents 
in the oil, this particular property is doubtless influenced very much 
by the growth of the plants, which in turn is affected by the location 
of stations and changed climatic conditions. 

The yields of oil from the different flax varieties varied consider- 
ably. Some varieties maimtained comparatively high average yields 
during the two seasons under observation. The variability of the 
oil yields may be attributed to varietal! differences in the plants in 
conjunction with conditions of growth and season. 

It appears that certain of the Cereal Investigations numbers, such 
as Nos. 19 and 3, grown at the several stations during two successive 
seasons yielded constantly high percentages of oil. The other varie- 
ties, Nos. 12 and 13, show constantly low yields of oil. 

Distinct differences are also noted in the specific gravities of the 
oils from the several varieties under consideration. Nos. 13 and 3 
averaged higher than Nos. 12 and 19. 

A marked fluctuation in acidity is noticed among the various 
Cereal Investigations numbers, no apparent relationship existing be- 
tween them. The iodin values, on the other hand, bear a definite 
relationship to the Cereal Investigations numbers. Nos. 12 and 13 
maintained high average iodin values, while Nos. 3 and 19 averaged 

somewhat lower from year to year. In the drying tests the varieties 
_which show a tendency to dry rapidly or slowly are dependent to a 
_ large extent upon a combination of high iodin value with high specific 
gravity or high acid value. 


CONCLUSIONS. 


In conclusion, it may be stated that the results of the investiga- 
tion show that varieties of flax possessing agronomic differences also 
_ differ in both the physical and chemical properties of the oils. Va- 
_Yieties possessing certain properties maintain these properties to a 
marked degree from season to season. From these results it may 
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be assumed that the climatic and soil conditions existing at the 
respective localities acted in conjunction in a similar manner from > 
year to year in affecting the growth and development of the plant. _ 

The yields of oil were found to vary with the variety of flax as well 
as with the locality in which it was grown. Thus, certain Cereal In- © 
vestigations numbers gave constantly high or low yields of oils during 
the two years, and certain stations yielded flax samples with con- — 
stantly high or low content of oil. 

The physical properties, specific gravity, index of refraction, and — 
color are apparently quite variable in many instances and are not — 
so easily correlated with variety or locality. 

A direct relationship appears to exist between the drying property 
of the oils and the specific gravity, acid value, and iodin value. Oils 
combining high acidity with high specific gravity and possessing a 
relatively high iodin value invariably dried to a firm film most rap- 
idly. The relationship between the drying property and the color 
of the oils was also very marked. The lightest colored oils invari- 
ably possessed the most rapid drying properties. 
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